Abstract Background Few population-based studies have described characteristics and management of patients with chronic hepatitis B (CHB) in the USA. Methods We retrospectively studied adults with CHB in the Northern California Kaiser Permanente Medical Care Program (KPNC) from July 2009 to December 2010 (n = 12,016). Laboratory tests, treatment patterns, and hepatocellular carcinoma (HCC) surveillance were ascertained during a ''recent'' 18-month study window (July 2009-December 2010), or as ''ever'' based on records dating to 1995.
Introduction
Worldwide, over 2 billion people have been acutely infected with the hepatitis B virus (HBV), and approximately 350 million have chronic infection [1, 2] . Globally, the Asian Pacific and sub-Saharan Africa carry the highest disease burden of chronic hepatitis B (CHB), with prevalence rates [8 % [2, 3] . In the USA, widespread HBV vaccination has reduced the incidence of acute HBV infection over the past two decades. However, the prevalence of CHB has not declined, due in part to continued migration of infected individuals from endemic countries [4] .
A recent study incorporating estimates of CHB among foreign-born (FB) individuals in the USA reports CHB prevalence of 3.5 %, or 2.2 million people [5] . This reflects a higher CHB prevalence than the 0.4 % reported by the National Health and Nutrition Examination Surveys (NHANES), which under-represent several high-risk groups, including Asian Pacific Islanders (APIs). Complications of CHB represent an important area of health care disparities in the USA, as those at highest risk remain foreign-born individuals who comprise 40-70 % of the population living with CHB. Studies among APIs living in the San Francisco Bay Area have highlighted the disproportionately high risk of subsequent development of hepatocellular carcinoma (HCC) in this population [6] .
The morbidity and mortality associated with CHB in the USA are marked, with up to 40 % of patients developing serious complications, including end-stage liver disease, liver cancer, and/or death [7] . Prior studies in a large integrated care population in Northern California (where the current study is based) found that 8 % of chronic liver disease-related deaths were attributed to CHB [8] . In 2010, an Institute of Medicine report called for dedicated interventions to improve the morbidity and mortality associated with viral hepatitis in the USA [9] . For hepatitis B, morbidity and mortality may be prevented by monitoring disease progression, surveillance for HCC, and initiation of HBV treatment in appropriate candidates. Several major societies, including The American Association of the Study of Liver Diseases (AASLD), have released guidelines on the management of CHB, which detail recommended measures for laboratory monitoring, HCC surveillance, and treatment initiation [7, [10] [11] [12] .
Few population-based studies have characterized the demographic and clinical parameters of patients with chronic hepatitis B (CHB) in the USA, including adherence to guidelines for CHB management. In this study, we describe patient characteristics and management patterns in a large cohort of adult patients with CHB, followed in an integrative care system. Understanding the population at risk, as well as current practice patterns, is critical to help inform interventions to improve chronic HBV care.
Methods

Study Design and Source Population
We performed a retrospective study of adult CHB patients followed in the Northern California Kaiser Permanente Medical Care Program (KPNC). KPNC is a comprehensive, integrated health care delivery system that serves over 3.2 million members in the San Francisco and Sacramento Greater Metropolitan areas. The membership includes over 25 % of the area's total insured population and is representative except for persons with extremes in income [13, 14] . During the study period, the age-adjusted prevalence of CHB among adult health plan members was 0.6 %.
The study cohort was identified from a base population of 14,774 health plan members with known chronic hepatitis B (CHB) in December 2010, which reflected the most recent and complete cross-sectional data at the time of study. CHB was defined by laboratory confirmation (positive HBV surface antigen), history of treatment for chronic HBV, and/or a diagnosis code for CHB. Eligible adult patients had health plan membership for C15 months from July 2009 to December 2010. Patients with known human immunodeficiency virus (HIV), hepatitis C virus (HCV), or history of liver transplant were excluded. We excluded patients whose CHB confirmation was documented after the start of the study window in July 2009. In a subset analysis, we describe treatment patterns of the 599 patients who were newly initiated on oral HBV therapy during the study period 1/1/2009-12/31/2010. This electronic-records-based study protocol was approved by the Institutional Review Board of the Kaiser Foundation Research Institute in March 2011, with subsequent yearly re-approval. All data were extracted from the KPNC electronic records, which included administrative, clinical, and research databases. Complete information was available for years 1995-2010. All laboratory testing was conducted through The Permanente Medical Group Regional Laboratory.
Baseline Characteristics
Baseline patient characteristics included demographics, comorbid conditions, and liver-related characteristics. Race/ethnicity was defined primarily by self-report in the medical record. History of obesity [body mass index (BMI) [30) [15] and alcohol abuse was defined by the presence of corresponding diagnosis during the study period. Diabetes was defined as any prior diagnosis noted in the Kaiser Permanente Diabetes Registry [16] . Incident HCC diagnosis was obtained from the KPNC Cancer Registry. Cirrhosis was defined by a clinical diagnosis and/or pathologic confirmation. For patients with CHB, the AASLD recommends monitoring HBV disease activity with ALT and HBV DNA testing. At the time of the study, hepatocellular carcinoma surveillance by abdominal imaging and alpha fetaprotein (AFP) was recommended every 6-12 months in appropriate surveillance candidates [7, 17] . We assessed ''recent'' HCC surveillance and laboratory monitoring of chronic hepatitis B activity with outpatient ALT and HBV DNA levels during an 18-month study window (July 2009-December 2010). As most guideline-based testing is recommended at 6-12-month intervals, an 18-month window was chosen to allow for flexibility within a clinically reasonable period. HBV DNA qualitative levels were sensitive to 60 copies/ml, and quantitative levels were performed using COBAS AmpliPrep-TaqMan PCR (Roche Diagnostics). We report HCC surveillance using AFP alone, abdominal imaging alone, or both modalities among CHB patients eligible for surveillance in KPNC. Eligibility was based on AASLD guidelines and included patients (regardless of race) with cirrhosis, women [50 years old, men[40 years old, and patients with a clinical diagnosis of alcohol abuse [18, 19] .
Provider Visits
We report the proportion of patients that attended at least one liver-related clinic visit within the study window. Liver-related visits were defined as any visit with at least one diagnosis that included the words ''hepatitis,'' ''liver,'' or any known complications of liver disease. This also captured visits for which CHB was included among secondary visit diagnoses. We compared the performance of HCC surveillance, as well as of ALT and HBV DNA testing, between patients with at least one liver-related visit with a specialist and those with a liver-related visit with a PCP only. Specialists were defined as infectious disease providers as well as gastroenterologists. We further described the characteristics of patients with specialist follow-up.
HBV Treatment Patterns
Patients ever treated for HBV were defined as those dispensed HBV antiviral medication covering at least 28 continuous days, dating from 1995 to 2010. This definition also applied to patients on recent antiviral therapy during the study window. Based on most recent HBeAg testing, as well as ALT and HBV DNA levels reported during the study window, we determined the proportion of untreated patients with guideline-based indications for the treatment (defined below). We identified patients who were newly initiated on oral HBV therapy during the study period. They were dispensed oral HBV antiviral medication covering at least 28 continuous days between 1/1/2009 and 12/31/2010, and no HBV medication within 365 days prior to treatment initiation. For patients with more than one eligible treatment course, the first course in the study window was investigated. We evaluated on-treatment laboratory monitoring including ALT and HBV DNA testing at treatment months 3-6 (10-26 weeks) among patients treated for at least 6 months. HBeAg testing was determined at months 6-12 (8-57 weeks) among HBeAg-positive patients treated for at least 1 year.
Guideline-Based Treatment Criteria
Among patients not on recent treatment, we evaluated the proportion with guideline-based indications for therapy [7, 12] . This was defined as having ALT [ 19 ULN and HBV DNA [20,000 IU/ml, and/or having HCC or cirrhosis with detectable HBV DNA. ALT and HBV DNA levels were based on the highest reported values within the 18-month study period. For all analyses, ALT levels reflect standardized levels using the upper limit of normal (ULN) of 19 U/L for women and 30 U/L for men [20] .
To evaluate eligibility of patients newly initiated on HBV treatment, we also identified the proportion of HBeAg-negative patients that met broader treatment criteria using an HBV DNA threshold of 2,000 rather than 20,000 IU/ml. Broader treatment criteria were assessed due to considerable variation in the published treatment guidelines on viral load thresholds for HBeAg-negative patients [7, [10] [11] [12] . For this analysis, laboratory thresholds for patients with HBeAg-positive disease were applied to patients without documented HBeAg status to ensure laboratory indications for treatment regardless of HBeAg status. Patients without laboratory indications for the treatment, but with stage 2-3 fibrosis or grade 2-4 necroinflammation on prior liver biopsy, were also considered treatment eligible (\1 % of patients evaluated), as were patients with HCC or cirrhosis with detectable HBV DNA. ALT and HBV DNA levels were based on the highest reported values within 1 year prior to treatment initiation, and HBeAg status was based on most recent available results within 2 years prior to treatment initiation.
Statistical Analyses/Laboratory Testing
Descriptive statistics included means, medians, and proportions. Bivariate analyses of dichotomous outcomes were performed using chi-square tests, employing exact methods as needed. Analyses were conducted with Stata software, version 12.0 (College Station, TX) or SAS, version 9.1.3.
Results
Baseline Characteristics
From the initial base cohort of 14,774 patients, 12,016 met final inclusion criteria (Fig. 1) . Most (76 %) had strict laboratory evidence of chronicity (positive HBV DNA and/ or HBsAg persisting for over 6 months), while the remainder had a positive HBsAg with no subsequent laboratory results inconsistent with HBV chronicity. The mean age was 49 years (±13.0), half of the patients were men (51 %), and most were Asian (83 %). Over 75 % were health plan members for at least 60 months (Table 1) . Less than 9 % carried a recent diagnosis of CHB from less than 12 months prior to the start of the study period. Though alcohol abuse was infrequently diagnosed (\1 %), this is likely an underestimation, as standardized alcohol assessments were not conducted uniformly during the study period. Approximately 11 % of patients had diabetes, and 12 % were obese. Most (70 %) patients were HBeAg negative, and less than 2 % of patients had a diagnosis of cirrhosis (Table 2) . Among patients with ALT testing (77 %), the most recent level was within normal range among 58 % using standardized ALT (sALT), compared with 84 % using laboratory-based ALT thresholds (not shown). The most recent sALT level was within normal range in 58 % of patients not on the treatment, and similarly, 57 % of those on the treatment. As shown in Table 2 , 61 % of patients had no recent HBV DNA testing, which reflects 69 % of patients not on the treatment, and only 9 % of patients on HBV therapy during the study window.
Care Measures
In this cohort, the majority had ever been tested for albumin, bilirubin, and INR, and almost all had ever received a platelet count (Fig. 2) . Approximately 80 % had at least one assessment of HBeAg status, as well as HCV antibody testing. Hepatitis A immune status was documented in 68 %, while testing for HIV (35 %) and hepatitis D (12 %) was less frequent. Not surprisingly, 98 % of patients had ever received ALT testing. Just 8 % of patients had ever received a liver biopsy.
Recent Monitoring of HBV Disease Activity
As shown in Table 3 , less than 14 % of patients had a liverrelated visit with a specialist; 37 % had such visit with a PCP alone, and almost half had no recent liver-related visit.
Patients seen for specialist follow-up in the study period were similar demographically to the remaining cohort, but more likely to have ever received HBV treatment (55 vs. 11 %, p \ 0.001), and more likely to have a diagnosis of cirrhosis (7 vs. 0.7 %, p \ 0.001).
Overall, ALT and HBV DNA levels were not frequently performed (\40 %). Among the 51 % of patients with a recent liver-related visit, testing for both was more common if seen by a specialist compared to PCP alone (90 vs. 47 %, p \ 0.001). Few patients (1 %) had received a recent liver biopsy.
Among HCC surveillance candidates (n = 7,256), 56 % had received abdominal imaging within 18 months; this was more frequent in those seen for liver disease by specialists compared to PCPs alone (92 vs. 73 %, p \ 0.001). Almost half (49 %) had received dual screening modalities (AFP testing and imaging). AFP testing alone was performed in 686 (10 %) of HCC surveillance candidates. Patients seen by PCPs were less likely to receive both modalities than those seen by specialists and more likely to receive AFP alone (65 vs. 87 % and 13 vs. 5 %, respectively, p values \0.001).
HBV Treatment
Overall, 14 % of the cohort had been recently treated (during the study window), and 17 % had ever received HBV therapy. Among all patients without recent treatment, 5 % had evidence of guideline-based treatment indications. However, just 30 % (n = 3,161) of untreated patients had recent testing of both HBV DNA and ALT levels to assess for treatment eligibility, and 17 % of those patients had indications for the treatment. To describe current treatment patterns, we identified the 599 patients that were newly started on oral HBV medications during the study window. Characteristics of the new treatment initiators were similar to those of the overall study cohort, although a somewhat larger proportion was male (61 %). The majority (85 %) of patients were being treated by specialists (78 % gastroenterologists and 7 % infectious disease physicians). Most (71 %) met stringent treatment criteria, and 76 % met broader criteria (HBV DNA threshold of 2,000 IU for HBeAg-negative patients). Fulfillment of broader criteria was more common in patients treated by specialists than PCPs (85 vs. 40 %, p \ 0.001). Entecavir (71 %) was the most commonly prescribed medication followed by tenofovir (15 %), lamivudine (9 %), and adefovir (4 %). Of note, entecavir was on the health plan formulary for HBV treatment several years prior to the study period, with tenofovir added in early 2009. Both GI/ID specialists and PCPs most commonly prescribed entecavir (75 and 49 % of patients, respectively). However, the second most commonly prescribed medication among PCPs was lamivudine (37 %) versus tenofovir among GI/ID specialists (17 %).
Among the 68 HBeAg-positive patients with at least 1 year of treatment, 44 % received follow-up HBeAg testing. Among patients treated for at least 6 months (n = 355), HBV DNA testing was more common in those treated by specialists compared to PCPs alone (70 vs. 48 %, p = 0.003). ALT testing did not differ by provider type (79 vs. 80 %, p = 0.9).
Discussion
In this large US-based integrated care cohort, we describe patient characteristics and management of chronic hepatitis B (CHB). Among patients with available laboratory data, adherence to guideline-based treatment recommendations was common. However, ALT and HBV DNA testing in these chronically infected patients was not frequently performed. Just over half of HCC surveillance candidates received appropriate liver imaging. Laboratory monitoring as well as HCC surveillance was more commonly performed among patients with a liver-related visit with a specialist, as compared to a liver-related visit with a primary care provider only.
In non-cirrhotic patients, guidelines recommend HBV treatment based on both ALT and HBV DNA levels [7, 10] . Accordingly, elevated HBV DNA in the absence of elevated ALT may prompt further evaluation by liver biopsy, but not necessarily treatment initiation. In the current study, we found that most CHB patients received ALT measurement, but were less likely to have both ALT and HBV DNA tested within a recent 18-month period. This raises the question whether a cost-effective approach for monitoring disease activity could be based on reflexive HBV DNA testing prompted by an elevated ALT result. This is supported by our findings in which \5 % of untreated patients with dual testing had elevated HBV DNA with an otherwise normal ALT (not shown).
Most patients that were newly initiated on oral HBV medication met guideline-based treatment criteria. Among untreated patients with available laboratory testing, we found few patients with clear indications for therapy (5 %). These findings contrast with the recent publication by Zhang et al. [21] in which antiviral therapy was initiated in only 50 % of treatment eligible Asian Americans followed in a community setting. These differences may reflect HBV treatment patterns outside of an integrative care setting. However, given that just 30 % of untreated patients in the current study had received both ALT and HBV DNA testing, we have likely underestimated the true proportion of untreated patients that warranted hepatitis B treatment by current published guidelines. Perhaps closer to 15 % of untreated cohort members may have been eligible for the treatment. While possible that patients had ALT and/or HBV DNA testing outside of the Kaiser Permanente system, this is unlikely a large factor in this cohort of mostly long-standing health plan members. The implications of the study findings include potential delay in timely treatment of CHB, which has been shown to decrease the risk of progressive fibrosis and the development of hepatocellular carcinoma [22, 23] . Current AASLD guidelines recommend abdominal imaging every 6 months, without requiring AFP, in those patients at highest risk for developing HCC [24] . At the time of the current study, the recommendations included HCC surveillance by abdominal imaging every 6-12 months with concurrent AFP [17] . Imaging for HCC occurred within a recent 18-month period in only 56 % of patients eligible for surveillance within KPNC. Most people that had imaging also received AFP testing. AFP alone is not advised [7] , nor FDA approved, for HCC surveillance. However, we found that isolated AFP was performed in 10 % of patients that warranted surveillance and was most common among patients seen by PCPs alone. Although AFPL3 and DCP are FDA-approved for HCC surveillance, these serum tests are currently not widely used in clinical practice and rarely measured in our study population.
HCC surveillance and laboratory testing were more frequent in patients with recent liver-related visit(s). Among those with at least one liver-related visit, both HCC surveillance and laboratory testing were more common in patients seen by a specialist compared to PCP alone. Though some patients may have been newly diagnosed with CHB (requiring time to gather data on treatment eligibility or specialist referral), most patients (91 %) carried a diagnosis of CHB for more than a year. Furthermore, over 60 % of the cohort had record of CHB for at least 5 years prior to this study, allowing for adequate follow-up time to present for recommended testing and referral. In this integrated care setting, we did not assess the type of provider ordering tests, as we were interested in contrasting the care of patients with and without current specialty care for CHB. Interestingly, a recent publication on communitybased CHB management among primarily Asian Americans noted similar trends among ordering providers, with ALT and HBV DNA levels more likely to have been ordered by specialists as compared to PCPs [25] . Treatment patterns were also markedly different by provider type, with a high rate of lamivudine use among patients seen by PCPs alone. Given that lamivudine is not standard of care for CHB management, it would be interesting to further investigate these prescription patterns by surveying providers to determine whether lamivudine use stems from presumed virologic control and/or provider-based knowledge barriers regarding optimal CHB treatment.
A recent AASLD report describing barriers to hepatitis management cites inadequate numbers of providers trained to treat infected patients, as well as low referral rates for chronic HBV management [26] . Although CHB management entails several straightforward laboratory and imaging tests, a recent survey of primary care providers caring for a predominately Asian American population found that only 43 % were familiar with guidelines on the management of HBV [27] . These findings highlight the role for targeted education among PCPs managing chronic HBV. Early identification of patients that warrant specialist referral may also help to improve current gaps in care.
Several well-established CHB cohorts have described CHB disease progression and HBV-related outcomes. The HBV REVEAL study, a cohort study based in Taiwan dating to 1991, includes 4155 HBsAg-seropositive patients. Since its inception, the study has contributed extensive findings on the natural history of CHB in Asians [3, 23] . In the USA, the Chronic Hepatitis Cohort Study (CHeCS) includes several sites across the USA, with 2,202 CHB patients covered by a variety of health plans. CHeCS has provided important estimates of the burden of CHB and its related mortality [28] . Unlike CHeCS, the current study cohort is primarily Asian American, and one quarter of patients' primary language was not English. Our findings from a Northern California population contribute to existing cohort data by reflecting practice patterns among foreign-born patients and their families, and may be helpful in addressing health care disparities, as foreign-born individuals remain at disproportionately high risk for complications related to CHB [5, 6, [29] [30] [31] . Additionally, our findings provide prevalence estimates for comorbid conditions that may influence liver disease progression such as obesity and diabetes in this primarily Asian study population. Our results also suggest that more uniform assessments of alcohol use may be due in this population, given the very low number with documented alcohol abuse.
A recent study among Asian Americans in Los Angeles County identified lack of insurance as the most common reason that patients newly diagnosed with CHB did not return for follow-up care [32] . Results of the current study may not generalize completely to uninsured patients or to those with other insurance plans. However, the uniformity of health plan coverage in our study cohort ensures that findings about health care delivery are not attributable to barriers in access to care. Previous data suggest that the performance of HCC surveillance is higher among providers that care for a large population of Asian Americans [33] . The observed need for improved HCC surveillance in the current, predominately Asian American cohort, likely reflects a greater need for improved CHB care in the community, which may extend more broadly to patients with chronic infection.
This study is inherently limited by a retrospective design, though it represents the largest investigation patterns of CHB management in a US community setting to date. Laboratory studies such as ALT, INR, CBC, and albumin levels, as well as abdominal imaging, may have been performed for indications other than hepatitis B. Nonetheless, these findings reflect ''real-world'' clinical practice patterns. An additional strength is the integrated care setting, with electronic medical records that can be accessed by all healthcare providers, with comprehensive documentation of clinic visits, pharmacy records, and radiologic and laboratory data. It is also likely that increased uptake of guideline-based management may develop over time, and the cross-sectional analysis of ''recent'' adherence to guidelines was not designed to capture such trends. Nonetheless, these results provide important insight into practice patterns in a large community cohort of CHB patients.
To improve care for Northern California Kaiser Permanente patients with chronic hepatitis B infection, a dedicated HBV Liver Care Program was instituted in May 2012. Informed by findings from the cohort described here, and on patient profiles maintained by the Viral Hepatitis Registry, the automated system of recall assures that appropriate individuals are contacted every 6 months for laboratory monitoring of disease activity and for HCC surveillance. The program includes specially trained nurse practitioners and medical assistants who order tests, report results to patients, and institute and monitor HBV treatment when indicated. Directed centrally by an expert hepatologist (JR), and managed by a regional Quality and Operations Support team, this system provides standardized, specialty level care efficiently to all patients with chronic hepatitis B. Future studies will investigate the impact of the program on quality of care measures, and on rates of cirrhosis and HCC in this population.
In summary, we describe patient characteristics, laboratory assessments, treatment practice, and HCC surveillance patterns in a large US-based CHB cohort. Adherence to guideline-based treatment patterns was common, although a large proportion of patients lacked recommended laboratory testing to assess for treatment eligibility. While the indicated HCC surveillance occurred in about half of patients, both HCC surveillance and laboratory monitoring of HBV disease activity were more common among patients seen by a specialist. These data reveal important practice patterns in the community management of CHB and suggest that viral monitoring and cancer surveillance are important targets for improving the scope of CHB care.
